Hereditary hemochromatosis (HH) is an autosomal recessive disorder caused by mutations in the HFE gene; it is characterized by the risk of iron overload. C282Y and H63D are the most associated mutations in HH. This study aimed to determine the frequency of mutations in the south of Brazil and São Paulo. It used the real-time polymerase chain reaction (PCR) technique and the results collected from Genolab data. In 90 individuals, 46.67% had at least one of the mutations for HH. There is a high prevalence of these mutations in both populations, therefore searching for patients under clinical suspicion is recommended.
introDuCtion
Iron is an essential molecule for the structural and metabolic function of proteins in cells. There are several proteins, such as HFE, which act in the regulation of iron metabolism. Mutations in the HFE gene have been associated with the etiology of iron overload, known as hereditary hemochromatosis (HH), which causes increased intestinal iron absorption and progressive accumulation of iron in the body (1) .
The HFE protein models iron absorption in erythrocytes forming a complex with β2-microglobulin, and this complex can interact with transferrin receptor 1 (TFR1), decreasing its affinity for transferring (2) . TFR2, which has high homology with TFR1, is expressed predominantly in the liver and is implicated, using a receptor-mediated endocytosis mechanism, in the uptake of iron by hepatocytes (3) .
There are several mutations in the HFE gene associated with HH (4) . C282Y mutation is the most often found in patients with HH and is also frequent in a healthy population from Northern Europe (10%) (1) . Another mutation is characterized by substitutions of histidine to aspartic acid at position 63 (H63D) (5) . H63D is normally associated with low risk for HH.
However, when simultaneous with C282Y, it presents elevated risk for the development of HH compared to individuals with the HFE 282YY genotype (6) (7) (8) .
Some studies have reported the prevalence of these mutations in Brazil; at the same time, data still lacks from various regions of Brazil (9) (10) (11) (12) (13) (14) (15) (16) (17) . Considering that the population of Southern Brazil was colonized by Europeans, and that the state of São Paulo has a large percentage of Caucasians, this study aims to evaluate the prevalence of these two mutations in these populations.
MatEriaL anD MEthoDS

Sample collection
The study is the retrospective statistical analysis of data registered on 90 individuals who were subjected to molecular studies of the C282Y and H63D mutations at Genolab, Human Genetics Diseases Department, Blumenau, Santa Catarina state in 2013. The samples belong to patients from Southern Brazil (Paraná and Santa Catarina), and São Paulo. They were collected following the instructions: they should be refrigerated (at 4ºC, up to three days); no special conduct was necessary to prepare the patient (e.g. fasting); 5 ml of blood should be collected using tubes with ethylenediaminetetraacetic acid (EDTA), an anticoagulant.
Deoxyribonucleic acid (DNA) extraction and realtime polymerase chain reaction (PCR)
We used the phenol-chloroform method to isolate DNA (18) , which was eluted in 200 μl of elution buffer and stored at -20ºC. PCR was performed in a final reaction volume of 25 μl, which contained 12.5 μl of 2× TaqMan Universal PCR Master Mix (Applied Biosystems), 450 nM each primer, 200 nM each probe, and 5 μl of DNA solution. Real-time PCR is a method that allows quantification of the products while reactions are following step by step in all cycles. For this reason, it dispenses with the use of electrophoresis, what makes this method nimble. The advantage of using real-time PCR is that this technique is much more responsive than conventional PCR, enabling the detection of low nucleic acid concentrations in the sample.
Reports and statistical analysis
We consulted the results of the reports for HH gene, derived from the Genolab database for one year. The reports were analyzed, the allele and genotype frequencies were calculated and then compared with the frequencies from other studies. The clinical and molecular characteristics of the studied individuals were analyzed using the chi-square test. The Hardy-Weinberg equilibrium was also analyzed. Values for p < 0.05 were considered significant.
rESuLtS
Prevalence of mutations
This study evaluated the registered data for 90 individuals with clinical suspicion of HH, who were subjected to genotyping analysis for C282Y and H63D mutations. Fifty percent of the individuals showed at least one of these mutations. Forty-two point one and 46.67% individuals have at least one of these mutations in São Paulo and Southern Brazil, respectively.
The C282Y mutation was presented as homozygous in 4.44% of the individuals and as heterozygous in 7.78%, while the H63D mutation was homozygous in 3.33% and heterozygous in 33.33%. The allele frequency was 0.1999 (19.99%) for H63D and 0.0833 (8.33%) for C282Y (Figure) . Compound heterozygosity (C282Y/H63D) was observed in 1.11% of the cases, and compound homozygosity (282YY/63DD) was also observed in 1.11% of the cases.
The C282Y mutation is not in the Hardy-Weinberg equilibrium (p = high significance) while the H63D mutation is in equilibrium (p = 1.3058).
DiSCuSSion
The frequencies of C282Y and H63D mutations found in this study are the same described by Ferreira et al. (2008) (13) , higher than those reported for the general Brazilian population (9) (10) (11) (12) (14) (15) (16) (17) and lower than the genotypic frequencies among patients with HH (8, 19) . The C282Y mutation is prevalent in more than 80% of the individuals with HH in the world, consequently it is the main responsible for HH in all studied populations (10, 20, 21) , while the H63D is prevalent in 5.3% of the cases (21) . For this reason, diagnostic guides are based on the result of testing for C282Y mutation (11, 12, 19) . Individuals who are homozygous for C282Y mutation present an earlier onset of pathological aspects compared to heterozygous individuals; the heterozygous, earlier than the homozygous considering the wild allele (11) . The C282Y mutation is responsible for about 80% of the cases of HH at least in Northern European populations (22) . The allele frequency of 282Y in the present study was 8.33%, considered similar as that of the study by Ferreira et al. (2008) (13) (7.9%) and higher than that of other Brazilian studies, which is around 2% in general population (16) , indicating a relationship between this mutation and clinical suspicion of HH.
This allele has a prevalence of 4.4% in Germany (23) , 3.69% in Italian Celtic population (24) , 2.5% in five Italian regions (25) , 4.7% in an Italian population of Northern European ancestry (26) , 3.2% in North Italy (27) and 1.89% in Central Italy (28) . Although the Southern Region of Brazil was settled by Germans and Italians, and São Paulo was colonized by Italians, the frequency of this allele in this population is higher than that in Italy and Germany, being more similar to the frequency found in France (7.6%) (29) , Norway (7.8%) (30) and UK (8.5%) (31) . This allele was also more frequent in this study than in a study from the state of Paraná, which belongs to the Southern Region of Brazil, and showed a frequency of 1.9% (14) . Therefore, the homozygous and heterozygous genotypes for the H63D mutation may show minor penetration at the onset of HH clinical manifestations. This can also be supported by HardyWeinberg equilibrium. The fact that C282Y mutation was not in Hardy-Weinberg equilibrium may indicate the existence of natural selection of homozygous individuals, what may mean that this mutation has greater influence over the phenotype than the H63D mutation. That is why, the Hardy-Weinberg relationship is very useful for predicting risks in genetic counseling (32) . The H63D mutation obeys the Hardy-Weinberg equilibrium and does not present with a heterozygous deficit, probably because this mutation is common in our population.
Although presenting lesser penetration, H63D has also great importance in the development of HH, whether homozygous or simultaneously with C282Y, and because of that it is considered an essential part of genetic tests which investigate the cause of HH (8) .
In the present study, the allele frequency of H63D was 19.99%, in accordance with the majority of the other world populations, whose frequency ranges from 10% to 20%. Southern Brazil was colonized mostly by German and Italian people. The German prevalence of this mutation is 19% in the control group (33) , however, Portugal and Spain also present frequencies around 20% in the general population (16, (34) (35) (36) (37) . Italy showed a prevalence ranging from 12.6% to 14.7% (25) (26) (27) (28) 38) , which, contrary to expectations, is slightly lower than the one in this study.
The frequency of 1.1% for C282Y/H63D compound heterozygotes is in accordance with Brazilian data (11, 12, 16, 17) and also with Europe pool data (1.3%) (21) , although not in accordance with data reported for the American population (39) . Compound heterozygosity for C282Y and H63D was found in 5.3% of hemochromatosis patients in Europe (21) . One percent to 2% of compound heterozygous individuals are predisposed to the expression of HH (40) .
ConCLuSion
São Paulo and Southern Brazil have the highest rates of Caucasians in Brazil. Thus, the frequency of C282Y and H63D mutations was expected to have high prevalence in those places. Even so, the frequency of C282Y is higher than that in Italy and Germany, and even in Paraná (Southern Brazil), and the H63D allele prevalence is higher than that in Italy. These data show that it is highly recommended to do the analysis of these two mutations in the studied populations. Further research is needed to enrich the database of these mutations in Brazil, mainly in the south. These data will serve as an additional resource to be consulted on the distribution of these mutations in Brazil. 
